Mice immunized with typhoid-paratyphoid vaccine USP were found to be protected when challenged with serological groups A, B, and C of Nei8seria meningitidis.
Shilo, in 1959, exhaustively reviewed the literature on nonspecific resistance to infections (21) . Numerous references were cited on reports of increased resistance to infections by heterologous genera and species of bacteria and viruses after immunization with lipopolysaccharides or cellular components of gram-negative bacteria. Rowley (18) reported that immunization with the cell walls of various strains of Salmonella typhimurium produce good protection against Escherichia coli infection. This nonspecific resistance reached a maximum level at 24 h and receded to normal after 5 days. The same author later reported that endotoxin was the active component (19) . Rowley, later in 1964 , discussed the evidence for nonspecific immunity and numerous reports on the evidence for cellular and humoral immunity and presented a synthesis of the current opinions on the subject at that time (20) . Landy and Pillemer (9) reported that the nonspecific resistance lasted for about 72 h when mice were immunized with S. typhosa lipopolysaccharide and challenged with heterologous gram-negative pathogens. Recently an endotoxin-free component, protodyne, of bacterial protoplasm of E. coli, has been reported to increase nonspecific resistance (1, 17 prior to challenge. Likewise, no protection was afforded when mice received two successive daily injections, either i.p.-s.c. or s.c.-s.c. on the 2nd and 1st day prior to challenge. Also, mice immunized 1 h before challenge were not protected. However, a group of 20 mice immunized by the regimen shown in Table 1 were protected (P < 0.05). The experiments shown in Tables 2  and 3 were designed so as to be able to challenge all of the mice in both experiments with the same meningococcal culture on the same day. This allows for more valid comparison by elimination of any variation in the LD50 of meningococci that inevitably occur when challenges are conducted on separate days. Thus, some of the data shown in Table 3 are also shown in Table 2 , as indicated in a footnote to Table 3 .
Demonstration of tolerance in mice receiving successive multiple immunization. Four groups of mice were immunized three or more times on consecutive days and challenged either 1 or 2 days after the last immunization, as shown in Table 4 . Another group of mice was immunized at 14 and 7 days prior to challenge, as previously shown in the experiment in Table 1 . These mice were not protected against a challenge of 1,905 LD50 in this experiment. Only those mice immunized four or more times and challenged within 2 days of the last injection were protected (P < 0.001).
DISCUSSION
Mice immunized with typhoid-paratyphoid vaccine have been shown to be resistant to challenge by meningococci. This type of resistance may be due to any one of three principle phenomena or combinations thereof. The three are: (i) nonspecific resistance; (ii) tolerance; and (iii) production of humoral antibodies.
Nonspecific resistance was not demonstrated to be present in mice immunized and challenged, as shown in Tables 2 and 3 . If nonspecific resistance were the mechanism affording protection, the mice immunized up to 5 days prior to challenge would have been protected. Likewise, those groups of mice immunized consecutively on the 2nd and 1st day prior to challenge were not protected, i.e., they too failed to exhibit nonspecific resistance.
Tolerance, produced by the frequent administration of the antigen, was exhibited in two groups of mice (Table 4 ). The data in Table 4 suggest that tolerance may be more effective than humoral immunity, since only those mice receiving consecutive daily doses survived the meningococcal challenge. There appears to be an enhanced susceptibility to heterologous challenge, similar to that described by Fukui, at 24 h compared to 48 h after immunization by the s.c. route, but not after the i.p. immunization, as shown in Table 3 (4) (P < 0.025). However, Fukui reported the disappearance of enhanced susceptibility at 24 h. The tolerance described by Petersdorf referred to the administration of endotoxin, and this vaccine was a whole-cell product which also contained some endotoxin.
Immunity produced by the administration of antigens 14 and 7 days prior to challenge probably Antigens with only one immunodominant sugar in common will not produce cross-reacting antibodies in rabbits but will in the horse, goat, or hen (10 (5, 6) and S. typhimurium (8) . An artificial antigen, colitose, linked to bovine serum albumin and injected into rabbits, failed to agglutinate E. coli 0111, but, when injected into goats, produced antibacterial agglutinins to this strain (11) .
The heterologous protection observed in this study may also have resulted from antigenic similarities in the basal portion of the lipopolysaccharides of the meningococci and the salmonella. Significant heterologous protection of this kind has recently been demonstrated against K. pneumoniae in active and passive immunization using R mutants containing only the basal core antigens of S. minnesota (12) . Investigations of possible antigenic relationships of meningococci and the salmonellae are currently under study.
